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Aims We examined the extent to which associations between education and cardiovascular disease (CVD) morbidity
and mortality are attributable to income and work stress.
...................................................................................................................................................................................................
Methods
and results
We included all employed Danish residents aged 30–59 years in 2000. Cardiovascular disease morbidity analyses
included 1 638 270 individuals, free of cardiometabolic disease (CVD or diabetes). Mortality analyses included
41 944 individuals with cardiometabolic disease. We assessed education and income annually from population
registers and work stress, defined as job strain, with a job-exposure matrix. Outcomes were ascertained until 2014
from health registers and risk was estimated using Cox regression. During 10 957 399 (men) and 10 776 516
person-years (women), we identified 51 585 and 24 075 incident CVD cases, respectively. For men with low edu-
cation, risk of CVD was 1.62 [95% confidence interval (CI) 1.58–1.66] before and 1.46 (95% CI 1.42–1.50) after ad-
justment for income and job strain (25% reduction). In women, estimates were 1.66 (95% CI 1.61–1.72) and 1.53
(95% CI 1.47–1.58) (21% reduction). Of individuals with cardiometabolic disease, 1736 men (362 234 person-
years) and 341 women (179 402 person-years) died from CVD. Education predicted CVD mortality in both sexes.
Estimates were reduced with 54% (men) and 33% (women) after adjustment for income and job strain.
...................................................................................................................................................................................................
Conclusion Low education predicted incident CVD in initially healthy individuals and CVD mortality in individuals with preva-
lent cardiometabolic disease. In men with cardiometabolic disease, income and job strain explained half of the
higher CVD mortality in the low education group. In healthy men and in women regardless of cardiometabolic dis-
ease, these factors explained 21–33% of the higher CVD morbidity and mortality.
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Introduction
Despite declines in age-adjusted mortality rates, cardiovascular dis-
ease (CVD) remains the leading cause of death worldwide. For the
year 2016, the Global Burden of Disease Collaborators estimated
that 17.6 million deaths were due to CVD, including 9.5 million due
to coronary heart disease (CHD) and 5.5 million due to cerebrovas-
cular disease (CBD).1
The major modifiable risk factors for CVD are hypertension, dysli-
pidaemia, diabetes mellitus, obesity, and smoking.2 Low socioeco-
nomic position and, particularly low educational attainment is a
further important risk factor for CVD.3–6 A recent meta-analysis of
72 cohort studies from the USA, Europe, and Asia reported a pooled
relative risk of 1.50 [95% confidence interval (CI) 1.17–1.92] for inci-
dent CVD events in individuals with low compared to high educa-
tion.3 Further, studies have shown that low education is associated
with a poorer prognosis of CVD.4,5 While more CVD hazardous
health-related behaviours in individuals with low education may ex-
plain part of this higher risk,6 material and psychosocial pathways
have also been suggested as mechanisms. One hypothesis is that indi-
viduals with low education are more often selected into jobs of low
income and a high level of work stress. These two factors, according
to meta-analyses of cohort studies, are associated with higher risk of
CVD.3,7,8
However, to our knowledge, no large-scale studies have examined
the extent to which the association between low education and risk
of CVD morbidity and mortality is attributable to low income, work
stress, or the combination of low income and work stress. If it could
be demonstrated that low income and work stress explain a substan-
tial part of the low education CVD association, then interventions on
low income and work stress may be considered as public health strat-
egies for reducing the social inequality in CVD. Therefore, we quanti-
fied the extent to which the association between low education and
CVD morbidity and mortality is attributable to low income and work
stress in all employed individuals, aged 30–59 years, residing in
Denmark in the year 2000. Using information from the comprehen-
sive nationwide Danish registers, we ascertained education and in-
come with individual-level data from registers and measured job
strain, the most widely tested conceptualization of a work-related
stressor,9 with a job-exposure matrix. To account for changes in ex-
posure, we updated information on exposure annually from 2000 to
2009.
We hypothesized that low education predicts incident CVD
among initially healthy individuals and CVD mortality among individu-
als with prevalent cardiometabolic disease, defined as prevalence of
CHD, CBD, or diabetes at baseline.7 We further hypothesized that
income and job strain partly explain the associations. We had no a
priori assumption to what extent income and job strain would ex-
plain the associations and also no assumption whether income or job
strain would explain a larger proportion of the associations.
Methods
Study design and population
We used data from the JEMPAD (Job Exposure Matrix Analyses of
Psychosocial Factors and Healthy Ageing in Denmark) cohort, a
nationwide cohort with information on employment, psychosocial fac-
tors at work, health, and socio-demographics. The study population was
drawn from the ‘Integrated Database for Labour Market Research’ by
Statistics Denmark.10 We included all employed individuals residing in
Denmark in the year 2000, 30–59 years old with complete data on age,
sex, and migration background, a total of 1 680 214 individuals. Using the
unique Danish civil registration number, we linked these individuals and
their information from the Integrated Database for Labour Market
Research to other population-based registers providing information on
socio-demographics, health services use, diagnoses for in- and out-patient
hospital treatment, and causes of death. All data linkages and analyses
were performed at a protected research server environment hosted by
Statistics Denmark, conducted by researchers approved by Statistics
Denmark. At baseline, we identified 1 638 270 individuals free of diag-
nosed cardiometabolic disease and 41 944 individuals with a diagnosed
cardiometabolic disease.
We ascertained education, income, and covariates with individual-level
data and job strain with a job-exposure matrix. All variables were
assessed at baseline (year 2000) and annually updated until the end of
2009, when the job-exposure matrix for job strain could no longer be
applied due to changes in the Danish job title registration system. After
2009, all variables were kept as time-invariant with their 2009 values.
Outcomes were ascertained in nationwide registers from 1 January 2001
to 31 December 2014.
Education
We retrieved information on the highest completed education from the
Danish education register.11 Using the International Standard
Classification of Education (ISCED),12 we categorized participants in
groups of (i) low (primary and lower secondary, ISCED level 0-2), (ii) me-
dium (upper secondary and post-secondary, ISCED level 3-4), and (iii)
high education (first and second stage tertiary, ISCED level 5 or higher).
Income
We ascertained annual disposable household income (after tax) by infor-
mation from registers on personal income and transfer payments.13 We
categorized income into low, medium, and high based on tertiles of the
distribution within each year.
Job strain
We ascertained job strain with a job-exposure matrix based on informa-
tion from the Danish Work Environment Cohort Study (DWECS).14,15
We measured psychological demands at work and job control and
defined job strain as scoring above the median for demands and below
the median for job control in DWECS. Using multilevel modelling, we
constructed job exposure matrices from DWECS data as the predicted
probability of job strain given job group [coded according to DISCO-88,
the Danish version of the International Standard Classification of
Occupations (ISCO)-88 system], sex, age, and year of data collection
(2000, 2005) and assigned these predicted probabilities to the individuals
of the JEMPAD cohort. We categorized individuals into groups with low,
medium, and high job strain risk based on tertile split of the distribution
within each year. Individuals not employed, for example due to un-
employment or retirement, were assigned to a separate category of ‘Not
applicable (NA) job strain’ during years outside employment. See
Supplementary material online, e-Appendix 1, for a more detailed descrip-
tion of DWECS and the construction of the job-exposure matrix, includ-
ing the wording of the psychological demands and job control items
(Supplementary material online, Table S1).
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..Prevalent cardiometabolic disease
Prevalent cardiometabolic disease was defined as diagnoses of either
CHD, CBD, or diabetes from 1977 (when information first became avail-
able in Danish registers)16 until 31 December 2000. Eligible codes were
ICD-8 codes 410-414 (CHD), 430-438 (CBD), and 249-250 (diabetes)
and ICD-10 codes I20-I25 (CHD), I60-I69 (CBD), and E10-E11 (dia-
betes). ICD-9 was never used in Denmark.
Incident cardiovascular disease
We ascertained incident CVD, CHD, and CBD by diagnoses from the
Danish National Patient Register16 and the Danish Register of Causes of
Death17 from 1 January 2001 to 31 December 2014. Incident CVD was
defined as either incident CHD, including fatal CHD (ICD-10 codes I20-
I25) or non-fatal myocardial infarction (I21, I22) or incident CBD, includ-
ing fatal CBD (I60-I69) or non-fatal stroke (I60, I61, I63, I64).
Mortality
Using the Danish Register of Causes of Death,17 we identified all-cause
mortality, CVD mortality (ICD-10 codes I20-I25 and I60-I69), and non-
CVD mortality, defined as mortality due to all other causes than CVD.
Covariates
As covariates, we included age, migration background, and family type,
because they might be associated with both educational attainment and
risk of CVD. We further included health services use as an indicator for
health status, including undiagnosed prevalent CVD. All covariates were
updated annually from 2000 to 2009, with the exception of migration
background that was kept time-invariant based on the measure in 2000.
For migration background, we used the classification of Statistics
Denmark’s population register, distinguishing between (i) individuals
without migration background, (ii) immigrants, and (iii) descendants of
immigrants. Information on family type was retrieved by combining infor-
mation from the Population Register and the Family Relation Register at
Statistics Denmark and categorized into six groups combining marital/co-
habitation status and living with or without children at home (see Table 1
for details). We obtained information on use of health services, provided
by primary health care professionals, such as general practitioners, from
the Danish National Health Service Register18 and categorized the num-
ber of health services used into deciles based on the distribution within
each year.
Statistical analysis
All analyses were conducted using SAS 9.4 using proc phreg applying ro-
bust sandwich variance estimates to account for clustering by the
repeated measures at the individual level, and stratified by sex. We fitted
four models. In Model 1, estimates were adjusted for age, migration back-
ground, family type, and health services use. In subsequent models, the
estimates were further adjusted for income (Model 2), job strain (Model
3), and income and job strain (Model 4). We calculated the percentage of
excess risk (hazard) explained by income and job strain using the formula
(HR1-HR2)/(HR1-1)*100,19,20 where HR1 is the hazard ratio (HR) of
Model 1 and HR2 is the HR of either Model 2, Model 3, or Model 4, de-
pending on which model was compared to Model 1.
To indicate missing values, we added a category ‘missing value’ to the
variables education, income, and family type. All other variables were
complete. Percentage of missing values was low at baseline, ranging from
1.0% (for education among women without prevalent cardiometabolic
disease) to 12.1% (for family type among women without prevalent cardi-
ometabolic disease). See Table 1 for details.
Incident cardiovascular disease among individuals
without prevalent cardiometabolic disease
Participants were followed from 1 January 2001 to the first CVD event or
censoring due to emigration from Denmark, non-CVD death, or end of
follow-up (31 December 2014), whichever came first. Using Cox propor-
tional hazards models with calendar time as the underlying time axis, we
calculated HRs and 95% CIs for the association between education and
incident CVD. Education, income, and job strain were treated as time-
varying variables using a 1-year time lag between their ascertainment and
the ascertainment of the outcome. For example, education ascertained in
the year 2000 (year t) was used to predict CVD in the year 2001 (year
tþ 1). After 2009, all time-varying variables were kept time-invariant,
based on their 2009 values. We repeated all analyses with CHD and
CBD as separate events. To avoid censoring on a competing risks out-
come, we did not censor for CBD in the CHD analyses and vice versa,
thus the same individuals could become cases both in the CHD and CBD
analyses.
Of the covariates, age and family type were treated as time-varying var-
iables including measurements from the same year as education. Health
services use was treated as time-varying measured the year before educa-
tion, to account for pre-existing ill-health. Migration background was
used as time-invariant based on the year 2000 data.
Mortality among individuals with prevalent
cardiometabolic disease
Participants were followed from 1 January 2001 until all-cause mortality,
CVD mortality, or non-CVD mortality. We censored due to emigration
from Denmark, non-CVD mortality (in analyses on CVD mortality),
CVD mortality (in analyses on non-CVD mortality), or end of follow-up
(31 December 2014), whichever came first. Using Cox proportional haz-
ards regression models with calendar time as the underlying time axis we
calculated HRs and 95% CI for the association of education with all-cause
mortality, CVD mortality, and non-CVD mortality.
Similar to the analyses on incident CVD, education was treated as a
time-varying variable, using a 1-year time lag between ascertainment of
education and outcome. Covariates were also treated similarly as in the
analyses on incident CVD.
Supplementary analyses
We conducted three supplementary analyses. First, we repeated Model 4
on incident CVD while censoring cases during the first year of follow-up,
to examine whether results might have been biased by undetected preva-
lent CVD at baseline. Second, we repeated Model 4 on incident CVD and
CVD mortality separately for women aged <_50 and >50 years to exam-
ine if associations were affected by menopausal status. Third, we repeated
the analyses while excluding participants with missing values on educa-
tion, income, or family type to examine if the missing variable indicator
approach may have biased the results.
Results
Characteristics of the study population
at baseline
Table 1 shows the baseline characteristics of the study population
in the year 2000, separately for 1 638 270 participants without
prevalent cardiometabolic disease and 41 944 participants with
prevalent cardiometabolic disease. Among participants without
prevalent cardiometabolic disease, the proportions of men
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(51.1%) and women (48.9%) were similar. The mean age was
about 44 years, most had a medium-level education and were
married or cohabiting without children at home. The mean yearly
number of health services used was 11.8 and 19.7 for men and
women, respectively. Participants with prevalent cardiometabolic
disease were, as expected, more likely to be men and of older
age and used more health services compared to participants with-
out prevalent cardiometabolic disease.
Education and incident cardiovascular
disease among individuals without
prevalent cardiometabolic disease
Among men, during 10 957 399 person-years, we identified 51 585
cases of incident CVD (47 per 10 000 person-years), including
27 624 CHD cases (25 per 10 000 person-years) and 25 858 CBD
cases (23 per 10 000 person-years). Among women, during
10 776 516 person-years, we identified 24 075 cases of incident CVD
............................................................ .......................................................
....................................................................................................................................................................................................................
Table 1 Characteristics of the study population at baseline in 2000, stratified by cardiometabolic disease status
and sex
Participants without prevalent
cardiometabolic disease
Participants with prevalent
cardiometabolic disease
Men, n (%) Women, n (%) Men, n (%) Women, n (%)
Sex
Men 837 488 (51.1) 28 430 (67.8)
Women 800 782 (48.9) 13 514 (32.2)
Education
Low education 186 957 (22.3) 192 645 (24.1) 7967 (28.0) 4242 (31.4)
Medium education 411 815 (49.2) 339 339 (42.4) 14 153 (49.8) 5689 (42.1)
High education 226 070 (27.0) 260 606 (32.5) 5799 (20.4) 3408 (25.2)
Missing education 12 646 (1.5) 8192 (1.0) 511 (1.8) 175 (1.3)
Income
Low income 268 269 (32.0) 244 623 (30.6) 8785 (30.9) 4501 (33.3)
Medium income 264 180 (31.5) 248 712 (31.1) 9159 (32.2) 4126 (30.5)
High income 249 492 (29.8) 263 404 (32.9) 9045 (31.8) 4240 (31.4)
Missing income 55 547 (6.6) 44 043 (5.5) 1441 (5.1) 647 (4.8)
Job strain
Low job strain 299 356 (35.7) 246 738 (30.8) 10 076 (35.4) 3903 (28.9)
Medium job strain 254 844 (30.4) 291 108 (36.4) 8983 (31.6) 5003 (37.0)
High job strain 283 288 (33.8) 262 936 (32.8) 9371 (33.0) 4608 (34.1)
NA job strain
Family type
Single without children 189 917 (22.7) 125 907 (15.7) 6721 (23.6) 2900 (21.5)
Single with children (age 0–7) 9021 (1.1) 18 410 (2.3) 117 (0.4) 167 (1.2)
Single with children (age 8–17) 15 207 (1.8) 41 452 (5.2) 542 (1.9) 620 (4.6)
Married/cohabitant without children 246 759 (29.5) 255 742 (31.9) 12 828 (45.1) 6103 (45.2)
Married/cohabitant with children (age 0–7) 134 009 (16.0) 108 315 (13.5) 1793 (6.3) 805 (6.0)
Married/cohabitant with children (age 8–17) 149 255 (17.8) 153 974 (19.2) 4797 (16.9) 2106 (15.6)
Missing family type 93 320 (11.4) 96 982 (12.1) 1632 (5.7) 813 (6.0)
Migration background
No migration background 796 480 (95.1) 767 729 (95.9) 27 130 (95.4) 12 941 (95.8)
Immigrant 39 729 (4.7) 31 904 (4.0) 1268 (4.5) 559 (4.1)
Descendant of immigrants 1279 (0.2) 1149 (0.1) 32 (0.1) 14 (0.1)
Age, mean (SD) 43.6 (8.5) 43.7 (8.3) 49.4 (7.5) 48.0 (7.9)
Number of health services used, mean (SD) 11.8 (16.4) 19.7 (23.0) 24.9 (29.3) 34.6 (37.2)
Job strain, mean (SD) 0.14 (0.08) 0.14 (0.08) 0.14 (0.08) 0.14 (0.08)
Disposable household income (e), mean 42 440 43 721 41 348 40 899
Years from first diagnosis of prevalent cardiometa-
bolic until baseline, mean (SD)
— — 3.8 (2.8) 3.9 (3.1)
NA, not applicable; SD, standard deviation.
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(22 per 10 000 person-years), including 8300 CHD cases (8 per
10 000 person-years) and 16 326 CBD cases (15 per 10 000 person-
years).
Figure 1 and Table 2 show the estimates for the association be-
tween education and incident CVD, CHD, and CBD in men.
Compared to high education, medium, and low education was associ-
ated with a higher risk of incident CVD in a dose–response fashion in
all models. The HR for CVD associated with low education was 1.62
(95% CI 1.58–1.66, Model 1) before and 1.46 (95% CI 1.42–1.50,
Model 4) after adjustment for income and job strain, a 25% reduction.
Men (n = 837,488)
Cases per 
Incident all CVD PY 10.000 PY
     High educaon (reference) 3,036,262 34
Incident CHD
     High educaon (reference) 3,062,906 18
Incident CBD
     High educaon (reference) 3,063,396 18
     Missing educaon 134,391 28
     Medium educaon 5,482,476 24
     Low educaon 2,411,368 30
     Low educaon 2,407,374 33
     Missing educaon 134,049 34
     Missing educaon 132,304 61
     Medium educaon 5,477,699 25
     Medium educaon 5,415,459 48
     Low educaon 2,373,375 61
0.5 1.0 1.5 2.0 2.5
HR (95% CI)
Model 1 Model 2 Model 3 Model 4
Figure 1 Association between education and incident cardiovascular disease in men after 14-year follow-up. See Table 2 for an explanation of
the models. CBD, cerebrovascular disease; CHD, coronary heart disease; CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratio; PY,
person-years.
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..The reduction was larger after adjustment for income (23%) than
after the adjustment for job strain (10%). Results were similar for
CHD and CBD.
The HR of incident CVD for low vs. high income and high vs. low
job strain were 1.33 (95% CI 1.29–1.37) and 1.01 (95% CI 0.98–1.03),
respectively (Model 4, not shown in Table 2).
Women (n = 800,782)
Cases per 
Incident all CVD PY 10.000 PY
     High educaon (reference) 3,625,947 16
Incident CHD
     High educaon (reference) 3,647,030 5
Incident CBD
     High educaon (reference) 3,634,108 11
     Medium educaon 4,640,954 22
     Low educaon 2,424,498 32
     Missing educaon 85,117 30
     Medium educaon 4,676,704 7
     Low educaon 2,450,336 12
     Missing educaon 85,811 11
     Missing educaon 85,514 20
     Medium educaon 4,656,933 15
     Low educaon 2,437,708 21
0.5 1.0 1.5 2.0 2.5
HR (95% CI)
Model 1 Model 2 Model 3 Model 4
Figure 2 Association between education and incident cardiovascular disease in women after 14-year follow-up. See Table 3 for an explanation of
the models. CBD, cerebrovascular disease; CHD, coronary heart disease; CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratio; PY,
person-years.
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Figure 2 and Table 3 show the corresponding estimates for women.
As in men, medium, and low education was associated with a higher
risk of incident CVD in a dose–response fashion in all models. The
HR for CVD associated with low education was 1.66 (95% CI 1.61–
1.72, Model 1) before and 1.53 (95% CI 1.47–1.58, Model 4) after ad-
justment for income and job strain, a 21% reduction. The reduction
was larger after the adjustment for income (16%) than after the ad-
justment for job strain (10%). Results were similar for CHD and
CBD.
The HR of incident CVD for low vs. high income and high vs. low
job strain were 1.29 (95% CI 1.24–1.34) and 1.01 (95% CI 0.97–1.06),
respectively (Model 4, not shown in Table 3).
Education and mortality among
individuals with prevalent
cardiometabolic disease
Among men with prevalent CVD, during 362 234 person-years, 5022
deaths occurred (139 per 10 000 person-years), 1736 due to CVD
(48 per 10 000 person-years), and 3286 due to non-CVD (91 per
10 000 person-years). Among women with prevalent CVD, during
179 402 person-years, 1346 deaths occurred (75 per 10 000 person-
years), 341 due to CVD (19 per 10 000 person-years), and 1005 due
to non-CVD (56 per 10 000 person-years).
Figure 3 and Table 4 show the estimates for the association be-
tween education and mortality in men. Low and medium education
was associated with a higher risk of CVD, non-CVD, and all-cause
mortality in all models. The HR for CVD mortality in men with low
education was 1.52 (95% CI 1.31–1.77, Model 1) before and 1.24
(95% CI 1.06–1.45, Model 4) after adjustment for income and job
strain, a 54% reduction. The reduction was larger after adjustment
for income (51%) than after adjustment for job strain (31%).
The HR of CVD mortality for low vs. high income and high vs. low
job strain were 1.57 (95% CI 1.33–1.85) and 0.90 (95% CI 0.74–1.09),
respectively (Model 4, not shown in Table 4).
Figure 4 and Table 5 show the corresponding estimates for women.
Low education was associated with a higher risk of CVD, non-CVD,
and all-cause mortality in all models. Medium education was associ-
ated with a higher risk of CVD and all-cause mortality but not with
risk of non-CVD mortality. The HR for CVD mortality in women
with low education was 2.18 (95% CI 1.57–3.03, Model 1) before and
1.79 (95% CI 1.27–2.52, Model 4) after adjustment for income and
job strain, a 33% reduction. The reduction was larger after adjust-
ment for job strain (26%) than after adjustment for income (18%).
The HR of CVD mortality for low vs. high income and high vs. low
job strain were 1.28 (95% CI 0.87–1.88) and 1.34 (95% CI 0.83–2.15),
respectively (Model 4, not shown in Table 5).
Supplementary analyses
When repeating Model 4 while censoring incident CVD cases during
the first year of follow-up, results were similar to the results in
the main analyses (Supplementary material online, e-Appendix 2,
Table S2).
When repeating Model 4 separately for women aged <_50 and
>50 years, results of the two groups were similar (Supplementary
material online, e-Appendix 2, Table S3).
When excluding participants with missing values on education, in-
come, or family type instead of using a missing value indicator, results
were similar to the main analyses (data available upon request).
Discussion
In the Danish workforce, low education was associated with higher
risk of incident CVD and, among those already diagnosed with cardi-
ometabolic disease, higher risk of mortality due to CVD. In men with
cardiometabolic disease, material and psychosocial factors, such as in-
come and job strain, explained half of the higher CVD mortality
among individuals with low educational attainment. In men without
cardiometabolic disease and in women with and without cardiometa-
bolic disease, these factors explained between 21% and 33% of the
higher CVD morbidity and mortality risk among those with low edu-
cational attainment.
Comparison with previous research
studies
To our knowledge, this register-based study is the first one that
examined the association between education and both CVD inci-
dence and mortality in a cohort that included all employees, aged 30–
59 years, of a national workforce. Mackenbach et al.21 previously
reported associations between low education and CVD mortality in
22 European countries, based on national registers but did not exam-
ine morbidity and did not account for changes in exposures and cova-
riates over time.
The present study is, to our knowledge, also the first nationwide
study to examine the extent to which the association between low
education and CVD morbidity and mortality is reduced by accounting
for low income and work stress. Huisman et al.22 previously reported
in a study of 5775 employees from the southern parts of the
Netherlands that the association between low education and risk of
myocardial infarction was slightly reduced after adjustment for work
stress. Measures of income were not available in that study.
Our study confirms that low education is an important predictor
of CVD3,6 and adds new knowledge that this contribution is partly
explained by income and job strain. Our study is the largest study to
date on the contribution of low education to the prognosis of individ-
uals with a cardiometabolic disease. That education is a stronger pre-
dictor of CVD mortality in women than in men with cardiometabolic
disease is, to our knowledge, a novel finding.
Strengths and limitations
Strengths of the study are the large cohort, including all employees in
Denmark in the age group 30–59, the use of annually updated expos-
ure and covariate measurements from population registers and the
follow-up in nationwide health registers leading to minimal attrition
and avoidance of reporting bias. We accounted for changes over
time regarding CVD prevalence and treatment by using calendar
time as the time axis.
We used the percentage of excess risk explained measure to esti-
mate to what extent the association between education and the out-
come was explained by income and job strain.19,20 This is an
estimation of the mediated proportion based on comparing the total
effect and the controlled direct effect, a method assuming no
1172 E. Framke et al.
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interaction between exposure and mediator on the outcome.23 As
methods for mediation analyses are rapidly developing,24 alternative
approaches may have yielded different results. However, as no com-
mon best practice for these alternative approaches have been estab-
lished yet,24 we adhered to the percentage of excess risk explained
measure as this approach is common practice25 and has frequently
been used in analyses on social inequalities in health.26,27
The generalization of the study results is limited to the examined
age groups (30–59 years at baseline, 44–73 years at end of follow-up)
and to the Danish context and we cannot rule out that associations
might have been different in different age groups or countries.
Further, reverse causation is in principal possible, if undetected preva-
lent CVD had impacted educational attainment. However, since level
of educational attainment is usually determined in adolescence and
Men (n = 28,430)
Cases per 
CVD mortality PY 10.000 PY
     High educaon (reference) 75,878 34
Non-CVD mortality
     High educaon (reference) 75,878 71
All-cause mortality
     High educaon (reference) 75,878 105
     Missing educaon 5,645 152
     Medium educaon 181,538 138
     Low educaon 99,173 164
     Low educaon 99,173 108
     Missing educaon 5,645 101
     Missing educaon 5,645 51
     Medium educaon 181,538 89
     Medium educaon 181,538 49
     Low educaon 99,173 56
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
HR (95% CI)
Model 1 Model 2 Model 3 Model 4
Figure 3 Association between education and mortality in men after 14-year follow-up. See Table 4 for an explanation of the models. CI, confidence
interval; CVD, cardiovascular disease; HR, hazard ratio; PY, person-years.
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..young adulthood, i.e. at an age when prevalent CVD is very rare, we
regard reverse causation as unlikely.
Our data lacked information about biological (e.g., blood pressure,
blood lipid profile) and behavioural (e.g., smoking, diet) CVD risk factors.
As it is unlikely that these risk factors had impacted educational
attainment, it appears improbable that these risk factors could have con-
founded the association between education and CVD. However, data
on these risk factors may have provided us with greater insight into the
mechanisms and pathways linking education, income, and job strain with
CVD. Results from a recent Mendelian randomization study suggest that
Women (n = 13,514)
Cases per 
CVD mortality PY 10.000 PY
     High educaon (reference) 46,828 10
Non-CVD mortality
     High educaon (reference) 46,828 44
All-cause mortality
     High educaon (reference) 46,828 54
     Missing educaon 1,784 101
     Medium educaon 77,643 70
     Low educaon 53,148 99
     Low educaon 53,148 73
     Missing educaon 1,784 62
     Missing educaon 1,784 39
     Medium educaon 77,643 51
     Medium educaon 77,643 19
     Low educaon 53,148 26
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
HR (95% CI)
Model 1 Model 2 Model 3 Model 4
Figure 4 Association between education and mortality in women after 14-year follow-up. See Table 5 for an explanation of the models. CI, confi-
dence interval; CVD, cardiovascular disease; HR, hazard ratio; PY, person-years.
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..smoking, body mass index, and blood lipid profile are important path-
ways linking educational level with risk of CVD.6 Information on biologic-
al and behavioural risk factors would have allowed us to examine what
extent of the remaining association between education and CVD in our
study, which was not explained by income and job strain, was explained
by these risk factors and what extent remained unexplained. Information
on these risk factors would have also allowed us to analyse their role in
the pathways linking income and job strain with CVD.
Although job strain is the most commonly used measure of a
work-related stressor in epidemiological studies, our study would
have benefited from a more comprehensive assessment, as other
work-related stressors may also contribute to risk of CVD.8
Take home figure Association between low compared to high education and cardiovascular disease and cardiovascular death after 14-year fol-
low-up. Association between educational attainment and cardiovascular disease and cardiovascular death after 14-year follow-up in men and women
without and with cardiometabolic disease with % excess risk explained by income and job strain. HR (95% CI) for low compared to high educational
attainment adjusted for age, migration background, family type, and health services use in Step 1 and further adjusted for income and job strain in
Step 2. CI, confidence interval; HR, hazard ratio.
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Public health implications
The results of this study support the statement in the ‘2016
European Guidelines on CVD prevention in clinical practice’ by the
European Society of Cardiology (ESC) that ‘low socio-economic sta-
tus [. . .] contribute to the risk of developing CVD and a worse prog-
nosis of CVD’.28 We demonstrated that the association between low
education and CVD was attenuated after adjustment for income and
job strain. This attenuation was particularly pronounced for CVD
mortality in men with prevalent cardiometabolic disease, as low in-
come and job strain together explained 54% of the association be-
tween education and CVD mortality. From a tertiary prevention
perspective, this is an encouraging result. Educational attainment is
usually determined relatively early in the life, and it seems difficult to
improve the level of education in middle-aged adults with cardiome-
tabolic disease. In this population, improvement of disposable in-
come, e.g., through taxation or social transfer payments, and
reduction of job strain, e.g., through changes in work organization,
are likely more amenable to change than educational level.
Conclusion
Low education predicted risk of incident CVD in initially healthy men
and women and risk of CVD mortality in men and women with
prevalent cardiometabolic disease in this nationwide cohort study of
the Danish workforce. These associations were partly explained by
income and job strain. In men with cardiometabolic disease, income
and job strain explained half of the higher CVD mortality risk among
individuals with low educational attainment.
Supplementary material
Supplementary material is available at European Heart Journal online.
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